The reactions of 1H-1,2,4-triazole (Htr) with MX 2 (ZnCl 2 for 1; CdBr 2 for 2) resulted in two coordination polymers, [Zn(tr)Cl] n (1) and [Cd(Htr) 2 Br 2 ] n (2). The structural analyses indicate that 1 and 2 feature a 2D layer and 1D triple chain, respectively. In 1, neighouring Zn atoms are connected by μ 3 -1 κN: 2 κN: 4 κN-tr − anionic ligand into 6-and 16-membered rings, further grow into a 2D sheet. Cd atoms in 2 are bonded by two μ 2 -Br − bridges and neutral μ 2 -1 κN: 2 κN-Htr to form a 1D triple chain. The fluorescent characterizations of 1, 2 and the free Htr ligand feature simlilar emission peakes at 444, 446 and 423 nm respectively, which can be assigned to intra-ligand π-π * transition of (H)tr. The energy gaps of 5.90 eV for 1, 5.16 eV for 2, and 5.93 eV for Htr suggest that the compounds behave as insulators.
Introduction
The rational design and synthesis of coordination polymers are now of great interest, not only due to the intriguing structural diversifications, but the potentiality in the novel functional materials.
1 The study in this field promotes the understanding of the structure-property relationship, and attributes to the purposeful design and controlled synthesis of coordination polymers with desired properties.
2 Though there are known numerous factors can influence the final assemblies, 3 the main design strategy of such materials focuses on the selection of metal ions and organic ligands. 3a,4 The inorganic component imparts magnetism, mechanical strength and thermal stability, etc; while the organic part offers luminescence, structural diversifications, and processability.
5 Therefore, the combination will integrate their advantages of organic and inorganic components in a single composite in a complementary way, thus to provide access to anticipative multifunctional coordination polymers.
6
Despite many efforts have been exerted, actually, it is still a great challenge to synthesize coordination polymers with predictable structures and desired properties through the selection of metal centers combining with organic building blocks.
7
Heterocyclics are common candidates in the search of blue emission molecular materials, whose heterocycles can act as efficient acceptors or donor moieties with their π-deficient or π-excessive character. 8 The 1,2,4-triazole family, an heterocyclic 6-electrons π-excessive system, has potential applications in the heterocycle-based organic blue emission molecular materials by introducing triazole ring and selected metal center into final structures. 9 1,2,4-triazole moieties have good coordinating ability to a metal centre (it presents both sp 2 hybridized imine-and sp
3
-amine-type nitrogen atoms), whose complexes exhibit excellent luminescence and magnetic properties. 9b-d,10 1H-1,2,4-triazole (Htr), a twoconnecting neutral or three-connecting (deprotonated) anionic ligand, is helpful to produce "simple, high-symmetry" structures to study new topological networks.
11 In view of coordination character of 1H-1,2,4-triazole, our interest is in the investigation of fabricating coordination polymers. Herein, We have successfully employed Htr reacting with MX 2 (ZnCl 2 for 1; CdBr 2 for 2) to yield two new coordination polymers, [Zn(tr)Cl] n (1) and [Cd(Htr) 2 Br 2 ] n (2), with the structures and fluorescent properties characterized.
Experimental
Materials and Physical Measurements. The reagents and solvents were used directly as supplied commercially. The IR spectra were recorded on a Nicolet Magna 750 FT-IR spectrometer with KBr pellets in the range 4000-400 cm −1 . Elemental analyses of C, H, and N were carried out on a Vario EL III elemental analyzer. The solid-state fluorescent excitation and emission spectra were performed on a FluoroMax-3 spectrophotometer at room temperature with excitation and emission slits at 5.0 nm, increment 1.0 nm and integration time 0.1 s. Optical diffuse reflectance spectra were measured at room temperature with a Lambda 900 UVvis spectrophotometer. The instrument was equipped with an integrating sphere and controlled by a personal computer. The samples were ground into fine powder and pressed onto thin glass slide holders. The BaSO 4 plate was used as reference. The absorption spectra were calculated from reflection spectra by the Kubelka-Munk function: α/S = (1-R) 2 /2R, α is the absorption coefficient, S is the scattering coefficient which is practically wavelength independent when the particle size is larger than 5 ìm, and R is the reflectance.
Synthesis of [Zn(tr)Cl] n (1). The 10 mL aqueous solution of ZnCl 2 (0.0137 g, 0.1 mmol) was dropwise to 20 mL aqueous solution of Htr (0.0139 g, 0.2 mmol). The reaction mixture was stirred at room temperature for 6 h producing a white suspension. After filtering, the natural evaporation of the mother solution yielded colorless block crystals. Yield based on Zn: 0.0096 g, 56.8%. Elemental analysis (%) for C 2 H 2 ClN 3 Zn, Found (calcd): C, 14. 13 (14.22); H, 1.32 (1.19); N, 24.79 (24.88) . IR data (in KBr, cm Synthesis of [Cd(Htr) 2 Br 2 ] n (2). To a 20 mL aqueous solution containing Htr (0.0139 g, 0.2 mmol) was added dropwise an 10 mL aqueous solution of CdBr 2 ·4H 2 O (0.0345 g, 0.1 mmol), stirring for 6 h at room temperature. The resulting white suspension was filtered, and the colorless prismatic crystals were obtained by slow evaporation of the filtrate at room temperature for a couple of weeks. Yield based on Htr: 0.0137 g, 40.2%. Elemental analysis (%) for C 2 H 3 Br 2 CdN 3 , Found (calcd): C, 6.93 (7.04); H, 0.78 (0.89); N, 12.43 (12.31) . IR data (in KBr, cm Structural Determination and Refinement. Data were collected on a Rigaku Mercury CCD diffractometer equipped with a graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å) at 293(2) K. The intensity data were collected by the w scan technique. The intensity data were reduced using CrystalClear program.
12 The structures were solved by direct method using SHELXTL TM package of crystallographic software 13 and refined by full-matrix least-squares technique on F
2
. All non-hydrogen atoms were refined with anisotropic thermal parameters. Hydrogen atoms attached to C atoms were located at geometrically calculated positions to their carrier atoms and refined with isotropic thermal parameters included in the final stage of the refinement. A summary of the structural determination and refinement for 1 and 2 is listed in Table 1 . Selected bond distances and angles of 1 and 2 are shown in Table 2 .
Results and Discussion
Structural Description of [Zn(tr)Cl] n (1). The single crystallographic analysis reveals 1 is a 2D layered coordination polymer, in whose asymmetric unit there exist one Zn(II), one deprotoned tr − and one Cl − anions. Each Zn(II) center has a slightly distorted tetrahedron geometry with the Symmetry codes: 1) A = −x+1/2, y−1/2, −z+3/2; B = −x+1, −y+1, −z+2; C = −x+1/2, y+1/2, −z+3/2; 2) A = −x+1/2, −y+3/2, −z+3/2; B = x−1/2, y, −z+3/2; C = −x+1, −y+3/2, z. (2) crystallizes in the orthorhombic group Imma. Figure 3 shows the principal structural features of 2 with the atomlabelling scheme relevant to the coordination sphere of Cd1. The asymmetrical unit consists of a quarter Cd(II), a half neutral Htr (cutting the Htr ligand through the middle N2 atom), and a half Br − anion. 0.5 positive charge on the Cd(II) of a quarter occupancy is balanced by Br − of a half occupancy. Six-coordinated Cd1 center, lying in a crystallographic inversion center, exhibits a slightly distorted octahedron geometry, whose equatorial plane occupied by Br1 and its three symmetry-related atoms Br1A, Br1B, Br1C (A = 0.5-x, 1.5-y, 1.5-z; B = x-0.5, y, 1.5-z; C = 1-x, 1.5-y, z), and the two apical positions by N1 and N1B atoms (Figure 3) .
The neighboring Cd(II) centers are connected by two ways to generate Cd···Cd separations of 3.658 Å. i) The μ 2 -Br adopts symmetry mode to bind two neighboring Cd(II) centers with Cd1-Br1 bond being 2.7714(8) Å. With the linkage of μ 2 -Br, an inorganic skeleton zigzag double chain [CdBr 2 ] n was formed along the a-direction; ii) Htr ligand binding two neighboring Cd(II) with its 1,2-positioned nitrogen atoms anchors on the both sides of the inorganic skeleton like wing to form the final triple chain (Figure 3) . The minimum distance between the centroids of triazole rings being 3.818 Å, indicates very weak π···π stacking interactions are formed among the neighboring chains. By the connections, a 3-D supramolecular architecture is shaped (Figure 4) .
Compounds 1 and 2 were yielded under the fixed reaction conditions, metal salts induce significant differences. Besides the difference in the coordination capabilities of Zn(II) and Cd(II), the stronger acidity of CdBr 2 aqueous solution in 2 restrains the deprotonation of Htr to keep Htr in the neutral form. H atom carried on N11 moves to N14 of the triazole ring, making Htr adopt μ 2 -1 κN: 2 κN coordination fashion. While in 1, the coordination of Zn(II) to N11 is enough to deproton Htr under weaker acid environment, thus to enable tr − ligand to adopt μ 3 -1 κN: 2 κN: 4 κN mode to form 2D sheet. Based on the search about the metal-triazole system, it is can be easily found that the triazoles adopting μ 2 -1 κN: 2 κN are apt to from linear trinuclear arrangements In the case of μ 3 -1 κN: 2 κN: 4 κN mode, the structures usually are three or two dimensional frameworks. Therefore, the coordination modes of 1,2,4-triazoles have essential effect on the dimensionality of the final frameworks. 2D polymer 1 under mild solution conditions also adopts the same μ 3 -mode as those in 3D frameworks obtained in hydrothermal reactions, indicating the reaction temperature is an important factor. Compared to Zn/Cu-triazole systems, the structural studies in Cd-triazole system are relatively limited with eight examples reported, 5,11c,16 two of which are 1D Cd-(H)tr chains.
11c
Optical Properties. Compounds 1 and 2 reported here show luminescent features in the solid-state electronic emission spectra at room temperature ( Figure 5 ). 1 produces a bright blue fluorescence with a broad emission at around 446 nm excited at 370 nm. The emission spectrum for 2 shows a bright blue fluorescence at ca. 444 nm with λ ex .= 290 nm. Compared to the free ligand Htr (emission at 423 nm with λ ex .= 368 nm), the emissions at 446 and 444 nm with small red-shifts of 23 and 21 nm can be assigned to the π-π * intra-ligand transitions. It also exhibits the coordination of metal centers have a subtle effect on the emission bands. When compared their excitation spectra (λ ex ), the effect of the metal is clearer. Zn(II) coordinating with tr − ring has a small effect on the energy level of tr − ring; while for Cd(II), maximal wavelength of the excitation spectrum (λ ex ) blue shifts 78 nm from 368 to 290nm, indicating Cd(II) coordinating with Htr decreases the electronic density of the ring. This similar metal's effect also can be found in the Eg calculations assessed by their diffuse reflectance spectra. It also leaves space to tune emission bands through adjusting the metal centers for the further systematic experiments. Due to the emission peaks of 1 and 2 locating in the region of blue ray (435-480 nm), it may suggest that 1 and 2 can be regarded as a potential candidate for organic blue emission materials.
The observation in our previous work focusing on 3-(1,2,4-triazolyl-4-yl)]-1H-1,2,4-triazole (trtr), (m-phenol)-1,2,4-triazole (ptr), 4,4'-bi-1,2,4-triazole (4,4'-trtr) and 3-amino-1H-1,2,4-triazole (Atr), presents some hints. Compared emission bands of the free ligands (423 nm for Htr and Atr, 427 nm for trtr, and 426 nm for 4,4'-trtr), it indicates that the emissions originate from the intra-ligand charge transfer of the triazole ring. It also suggests that the substituted groups of -NH 2 , and triazole have not obviously affect the emission of triazole ring. While for ptr ligand with the emission at 450 nm red-shifting ca. 27 nm compared to Htr, it relates with the formation of the delocalization π-conjugated system between triazole and phenol. Besides the effect of the substituted group, more importantly, the effect of metal adjusting the emissions can be found. For example, the emissions of ptr-Zn complexes locate in 524-530 nm, 14c,15g,17 for ptr-Cd complex, the emission red-shifts to 580 nm. While when metals are Hg, Cu and Ag, the emissions approach to that of ptr. 
22
The optical properties of 1 and 2 were assessed by their optical diffuse reflectance data.
23 The Kubelka-Munk (or remission, F) functions converted from the diffuse reflectance data were plotted according to the diffuse reflectance data ( Figure 6 ). Optical absorption spectra indicate the optical gaps Eg = 5.90 eV for 1, 5.16 eV for 2, and 5.93 eV for Htr, suggesting that the compounds behave as insulators.
Conclusion
In this work, we synthesized two coordination polymers, 2D layer [Zn(tr)Cl] n (1) and 1D triple chain [Cd(Htr) 2 Br 2 ] n (2). Because of the different acidties of ZnCl 2 and CdBr 2 , the (H)tr ligands adopt different coordination modes: in 1, deprotoned anionic tr − ligand takes μ 3 -1 κN: 2 κN: 4 κN mode to connect neighouring Zn atoms into 6-and 16-membered rings, and further fuse into a 2D layered structure; while in 2, stronger acidity of CdBr 2 restrains the deprotonation of Htr, thus to make Htr adopt μ2-1 κN: 2 κN coordination fashion to form a 1D triple chain with the connections of Br − between Cd centers. Though with different structures, 1 and 2 show very similar pale blue fluorescence at 444 and 446 nm respectively. Compared to that of free Htr ligand (λ em = 423 nm), 21 and 23 nm red-shifts indicating their fluorescence can be assigned to intra-ligand π-π * transition of (H)tr. The optical gaps (Eg = 5.90 eV for 1, 5.16 eV for 2, and 5.93 eV for Htr) assessed from the diffuse reflectance spectra suggest the compounds behave as insulators.
Supplementary Material. Crystallographic data for the structure reported here has been deposited with the Cambridge Crystallographic Data Centre (Deposition No. CCDC: 810185-810186) . That data can be obtained free of charge 
